We present velocities of galactic outflows in seven star-forming galaxies at z = 5-6 with a stellar mass of M * ∼ 10 10.1 M . Although it is challenging to observationally determine the outflow velocities, we overcome this challenge by making use of the ALMA [C II]158 µm emission lines for systemic velocities and the deep Keck spectra with metal absorption lines for velocity profiles available to date. We construct a composite Keck spectrum of the galaxies at z = 5-6 with the [C II]-systemic velocities, and fit outflow-line profiles to the Si II λ1260, C II λ1335, and Si IV λλ1394, 1403 absorption lines in the composite spectrum. We measure the maximum (90%) outflow velocity v max and the central outflow velocity v out to be v max = 810 10.1 M , we find the redshift evolution that the v max value of our z = 5-6 galaxies is higher than those of z = 0 galaxies by a factor of 3.5 and comparable to the one of z = 2 galaxies. Estimating the halo circular velocity v cir from the stellar masses and the abundance matching results, we investigate a v max -v cir relation. Interestingly, v max for galaxies with M * = 10 10.0-10.8 M shows a clear positive correlation with v cir (as well as the star-formation rate) over z = 0-6 with small scatters of ±0.1 dex, which is in good agreement with the theoretical predictions (Muratov et al. 2015) . This positive correlation suggests that the outflow velocity is physically related to the halo circular velocity corresponding to the depth of the gravitational potential, and that the redshift evolution of v max is explained by the increase of v cir toward high redshift.
INTRODUCTION
In actively star-forming galaxies, the energy and momentum inputs from stellar winds and supernovae accelerate the inter-stellar medium (ISM) outwards, and launch galacticscale outflows. The outflows are composed of the various ISM from cold molecular gas to hot gas (e.g., Veilleux et al. 2005) . This mass, momentum, energy, and metal budgets of the outflows leaked from the galaxies are theoretically important for regulating the star-forming activity in the lowmass galaxies, creating the mass-metalicity relation of the galaxies, and polluting the circum-galactic medium and intergalactic medium (IGM) (for a review, see Somerville & Davé 2015) . Thus, the outflows in star-forming galaxies have a large impact on the galaxy and IGM evolution. sugayu@icrr.u-tokyo.ac.jp In the rest-frame far-ultraviolet (FUV; 1000-2000Å) to optical bands, metal absorption lines are useful to trace the kinematics of the cold and warm outflowing gas. The outflow velocity along the line of sight is estimated with the "down-thebarrel" technique, which measures blueshifts of the absorption lines in the galaxy spectra (e.g., Heckman et al. 2000; Martin 2005; Martin et al. 2012; Rupke et al. 2005a,b; Steidel et al. 2010; Heckman et al. 2015; Chisholm et al. 2015 Chisholm et al. , 2016a Chisholm et al. , 2017 , while the outflowing gas far from the galaxy is detected with the absorption lines in the background-quasar spectra (e.g., Bouché et al. 2012; Kacprzak et al. 2015; Muzahid et al. 2015; Schroetter et al. 2015 Schroetter et al. , 2016 . The outflows are ubiquitously observed in the star-forming galaxies at z < 1.5 (Weiner et al. 2009; Chen et al. 2010; Rubin et al. 2014) . Their outflow velocities are probed to have a positive correlation with the star-formation rate (SFR), the stellar mass (M * ), and the SFR surface rate density (Σ SFR ) (e.g., Rubin et al. 2014; Heckman & Borthakur 2016; Chisholm et al. 2016b ). Sugahara et al. (2017) use archival spectra to show that maximum outflow velocity increases from z ∼ 0 to 2 in star-forming galaxies that are in a similar M * and SFR range.
The "down-the-barrel" technique is also appropriate for outflow studies at z > 2. Unlike the emission from the outflows whose detection becomes difficult toward high redshift, the absorption can be detected with a bright background continuum source. Shapley et al. (2003) construct composites of almost 1000 Lyman-break galaxy (LBG) spectra at z ∼ 3 to discuss the relation between the FUV spectral features and the outflow properties. Recently, Du et al. (2018) report no evolution of central outflow velocities at z ∼ 2-4 using composites of the rest-frame FUV spectra presented in Steidel et al. (2003 Steidel et al. ( , 2004 , Reddy et al. (2008) , and Jones et al. (2012) . Although the Lyα profile provides us the information on the neutral-gas kinematics around Lyman alpha emitters at high redshift (e.g., Erb et al. 2014; Shibuya et al. 2014; Hashimoto et al. 2015; Trainor et al. 2015; Karman et al. 2017 ), even at z ∼ 6 (Ajiki et al. 2002) , it is difficult to directly estimate the outflow properties only from the Lyα profile due to its strong resonance scattering.
One of the keys to estimate outflow properties is to determine the systemic redshifts of the galaxies. At the low redshift, the systemic redshifts are measured by nebular emission lines (e.g., Hα, [O III] , and [O II]), but observations of the emission lines become expensive at high redshift. Some outflow studies at z > 1.5 conduct additional near-infrared (IR) observations (Steidel et al. 2010; Shibuya et al. 2014) , while others determine the redshifts from Lyα emission or interstellar absorption, which includes the uncertainties based on the outflows Du et al. 2018) . Moreover, a precise measurement of the systemic redshifts is challenging at z > 5, where the strong optical emission lines fall into the mid-IR bands. Although there are several nebular emission lines in the rest-frame FUV band such as O III]λλ1660, 1666 and C III]λλ1906, 1908, these lines are weak to be detected in typical star-forming galaxies at high redshift. This problem makes it difficult to extend the outflow studies to z > 5.
A solution in this paper is observations with the Atacama Large Millimeter/submillimeter Array (ALMA). Recent ALMA observations detect [C II] 158 µm and [O III] 88 µm emission lines in high-z galaxies (e.g., Capak et al. 2015; Inoue et al. 2016; Hashimoto et al. 2018) , which enables us to measure the systemic redshifts of the galaxies. Combining the redshift determined from the ALMA observations with deep observed-frame optical spectra, we can address the outflow properties at z > 5. As a case study, Pavesi et al. (2016) discuss the rest-frame FUV absorption lines in HZ10, a IRluminous LBG at z 5.6, and find the blueshifts with respect to the [C II] emission line.
This paper presents estimates of outflow velocities in starforming galaxies at z = 5-6 and discuss the redshift evolution of the outflows from z ∼ 0 to 6. Section 2 describes the sample of galaxies at z = 5-6. Section 3 explains the analysis of the absorption lines in the observed-frame optical spectra. We obtain a composite spectra of the galaxies to measure the outflow velocity. Section 4 shows the results on the outflow velocity and its redshift evolution. Section 5 discusses relations between the outflow and galaxy properties. Section 6 summarizes our conclusion. The ΛCDM cosmology is used throughout this paper: Ω M = 0.27, Ω Λ = 0.73, h = H 0 /(100 km s −1 Mpc −1 ) = 0.70, n s = 0.95, and σ 8 = 0.82. All transition are referred to by their wavelengths in vacuum.
2. SAMPLE AND DATA REDUCTION Our sample consists of seven galaxies at z = 5-6 whose spectra are taken in the optical and millimeter wavelengths. We use the galaxies presented in Capak et al. (2015) , who observe nine LBGs and one low-luminosity quasar at z ∼ 5-6 in the Cosmic Evolution Survey (COSMOS; Scoville et al. 2007 ) field. Capak et al. (2015) obtain the rest-frame FUV spectra of the galaxies with the DEep Imaging MultiObject Spectrograph (DEIMOS; Faber et al. 2003) at the Keck II telescope. The spectroscopic configuration is the 830 lines mm −1 grating with the OG550 filter, which gives the wavelength coverage of 6000-9500Å and the spectral resolution of R ∼ 2500-3500. The total integration time is ∼3.5 hr for each object.
We download the raw DEIMOS data of the galaxies from the Keck Observatory Archive 1 (KOA). The raw data are reduced with the IDL package, the DEIMOS spec2d pipeline, developed by the Deep Extragalactic Evolutionary Probe 2 (DEEP2) Redshift Survey team (Cooper et al. 2012; Newman et al. 2013) . From the reduced two-dimensional data, the pipeline extracts the one-dimensional spectra of the science targets. Finally, we obtain the rest-frame FUV spectra of seven out of the nine LBGs in Capak et al. (2015) , excluding two spectra that we cannot identify from the reduced data.
The ALMA follow-up observations are conducted in a project of #2012.1.00523.S (PI: P. Capak). The Band 7 observations have detected the [C II] emission lines in all of the nine LBGs. In this study, we use the systemic redshifts that are estimated from the [C II] emission lines by Capak et al. (2015) . The median redshift error is ∼ 2×10 −4 , corresponding to ∼ 10 km s −1 . The systemic redshifts of our galaxies are listed in Table 1 .
We use SFR and M * derived by Capak et al. (2015) . The SFR is estimated from the sum of the rest-frame UV and IR luminosity. The stellar mass M * is estimated from the spectral energy distribution fitting to the optical to IR photometry taken from the COSMOS photometric redshift catalog (Ilbert et al. 2013 ) and the Spitzer-Large Area Survey with HyperSuprime-Cam (SPLASH; Steinhardt et al. 2014 ). The halo circular velocity v cir is estimated from M * . After converting M * into the halo mass M h with the stellar-to-halo mass ratio (SHMR) given by Behroozi et al. (2013) , we calculate v cir by equations in Mo & White (2002) expressed as
where G is the gravitational constant and r h the halo radius.
3. ANALYSIS AND MEASUREMENTS Since the outflowing gas gives rise to the blueshifted metal absorption lines due to the Doppler shift, the blueshift reflects the line-of-sight velocity of the outflowing gas. The absorption-line analysis requires high signal-to-noise ratios (S/N) of the continuum spectra. Our rest-frame FUV spectra have the average S/N of 0.47 pixel −1 , which is not enough for the absorption-line analysis. Therefore, we obtain a high-S/N composite spectrum by stacking all of the spectra with an inverse-variance weighted mean. The top panel of Figure 1 shows the composite spectrum and its error spectrum. The continuum S/N of the composite spectrum is 1.4 pixel −1 around the Si II λ1260 absorption line. The physical parameters of the composite spectrum are truncated mean discarding the maximum and minimum values. In the wavelength range from 1150 to 1450Å in the rest frame, we use the absorption lines of Si II λ1260, C II λ1335, and Si IV λλ1394, 1403 for the analysis, without the Si II λ1304 line that has a nearby strong O I λ1302 absorption line. We hereafter refer to Si II λ1260 as Si II. We measure outflow velocities by fitting a line profile to the absorption lines. As the line profile, we adopt a physical profile based on the assumption of the curve of growth (Rupke et al. 2005a ). This line profile I(λ), as a function of the wavelength λ, is expressed by
where I 0 is the continuum level, C f the covering fraction, τ (λ) the optical depth, τ 0 the optical depth at the line center, v the velocity measured from the rest wavelength, v 0 the velocity at the line center, and b the Doppler width. The line profile is convolved with a Gaussian profile representing the spectral resolution. The free parameters are five:
Since the composite spectrum has large noises, we treat I 0 as a free parameter instead of normalizing the spectrum by a stellar continuum. We fit the line profile to Si II, C II, and Si IV, using an IDL procedure MPFIT, which performs non-linear least-squares fitting in a robust manner (Markwardt 2009 ). The bottom panel of Figure 1 shows the best-fit model of the Si II, C II, and Si IV absorption lines with the red lines. The best-fit v 0 values, listed in Table 2 , are all significantly negative, implying that the absorption lines are blueshifted by the outflowing gas. These velocities are consistent with the literature. HZ10 has the Si II, Si II λ1304/O I, and Si IV absorption lines blueshifted by 100 ± 180 km s −1 with respect to the [C II] emission line (Pavesi et al. 2016) . The composite emission of the [C II] line in HZ1-10 is reported to have the broad wings that are likely generated by the outflows with the velocity of σ = 100-500 km s −1 (Gallerani et al. 2018 ) We define the maximum outflow velocity v max as
which represents the velocity where the best-fit model has a (100 − 10C f )% flux of the continuum 2 . The error of v max is evaluated by the parametric bootstrap method. We obtain the v max distribution from the 1000 resampling fluxes based on the spectral noise and use the ±34th v max values for its error.
The derived maximum outflow velocities for Si II, C II, and Si IV are v . . . Si IV λλ1394, 1403 −220
a We obtain the velocities at z ∼ 2 by re-analyzing the composite spectrum of Sugahara et al. (2017) .
lower than that of hydrogen (13.6 eV), while high-ionized elements (Si IV) have a much higher ionization potential. Although the low-and high-ionized elements trace the different state of the ISM, v within the 1σ errors. This consistency agrees with previous work on outflows at z ∼ 0 (Chisholm et al. 2016b) . Si II and C II have similar ionization potentials and oscillator strengths, and exhibit similar maximum outflow velocities. To obtain a typical v max value of the z = 5-6 galaxies, we additionally measure the maximum outflow velocity by a simultaneous fitting to Si II and C II, adopting v max as a free parameter instead of v 0 . Both lines are assumed to have the same C f . The measured value is v max = 810 Comparing our measurements of v max at z = 5-6 with those at low redshifts, we study the redshift evolution of the outflow velocity. For v max at low redshifts, we use the values at z ∼ 0-2 given by Sugahara et al. (2017) , who obtain outflow properties using spectra of Sloan Digital Sky Survey Data Release 7 (SDSS DR7; Abazajian et al. 2009 ) at z ∼ 0, DEEP2 DR4 survey (Newman et al. 2013 ) at z ∼ 1, and Keck spectra in Erb et al. (2006) The vmax value at z ∼ 2 is re-calculated in the manner of this work, denoted by the green diamond. The error bars show 1σ measurement errors. The blue, cyan, and green lines express the best-fit relation at z ∼ 0, 1, and 2, respectively, whose slopes are fixed at the best-fit slope at z ∼ 0. Since the z ∼ 2 best-fit relation is the one in Sugahara et al. (2017) , there is a offset between the green diamond and the green dashed line.
ing gas. This difference in the methods is negligible for the spectra at z ∼ 0 and 1, where the absorption lines have small systemic components (Sugahara et al. 2017) . The spectra at z ∼ 2, however, have large systemic components. Therefore, we re-analyze the absorption lines of the normalized composite spectrum at z ∼ 2 to measure the maximum outflow velocity with the one-component absorption-line profile described in Section 3. The new maximum outflow velocity becomes lower than the previous value, but the conclusions in Sugahara et al. (2017) are not affected by this re-analysis. Sugahara et al. (2017) illustrate that the outflow velocity increases from z ∼ 0 (blue) to 2 (green) in star-forming galaxies with similar M * and SFR. We find that the v max value at z = 5-6 is ∼ 0.2 dex higher than the relation at z ∼ 0 and comparable to the value at z ∼ 2. This means that the outflow velocity shows a strong increase from z ∼ 0 to 2 and a slight or no increase from z ∼ 2 to 6 in galaxies with similar M * and SFR. Figure 3 illustrates v max as a function of the halo circular velocity (v cir ) that are calculated from M * in Section 2. In the figure, v max tightly correlates with v cir at z ∼ 0. A correlation with a similar slope at z ∼ 0 is also seen in the cyan diamonds at z ∼ 1. Although only one measurement is available at z ∼ 2 and z = 5-6, respectively, the two data points at z ∼ 2-6 appear to follow the relation at z ∼ 0-1. Therefore, Figure 3 suggests a single relation between v max and v cir that holds over z ∼ 0-6. The dashed line indicates a relation at z = 0 obtained from observations by the Cosmic Origin Spectrograph mounted on the Hubble Space Telescope (Heckman & Borthakur 2016) , which has a similar slope to our measurements. The offset between our data points and the solid line may arise from the fact that our data points represent the average properties of galaxies at each redshift while their extreme-starburst galaxies have much higher SFR than our galaxies with a similar v cir .
Redshift evolution of outflow velocities
We illustrate the redshift evolution of v max in star-forming galaxies with M * ∼ 10.1 M in the top panel of Figure 4 . As shown in Section 4.1, v max strongly increases from z ∼ 0 to 2 and slightly from z ∼ 2 to 6. The crosses in the figure indicate the maximum outflow velocity of the gravitationally lensed sources presented in Jones et al. (2013) are the same as in Figure 2 , but for the red diamond that denotes vout of the galaxies at z = 5-6 measured by a fit of the two-component Gaussian profile to the C II line. To compare the literature, we plot the values of the individual gravitationally-lensed sources in Jones et al. (2013, cross) and the composite spectra at z ∼ 2, 3, and 4 presented by Du et al. (2018, open diamond) , including galaxies with M * < 10 10.1 M . The solid lines indicate the evolution of the flux-weighted 90th (top) and 50th (bottom) outflow velocities that we estimate based on the velocity-vcir relation at z = 0.5-4 in the FIRE simulation (Muratov et al. 2015) at the fixed M * using the SHMR of Behroozi et al. (2013) . The evolution is extrapolated to z < 0.5 and z > 4 (dashed line) and the errors of the SHMR are shown in the shaded regions.
mass of these sources is not derived and the outflow velocity of them is measured in a different manner from ours. However, the sources have similar v max values to our v max values at z ∼ 2 and z = 5-6, except for a data point of v max 300 km s −1 . While Jones et al. (2013) suggest a decrease in v max at high redshift that are not statistically significant, we do not find the decrease at z = 5-6. Sugahara et al. (2017) and Du et al. (2018) discuss the redshift evolution of the central outflow velocity (v out ) measured with a two-component profile. To check the evolution at z = 5-6, we measure v out from the composite spectrum at z = 5-6 by fitting a two-component Gaussian profile to the C II absorption line, although the errors of the best-fit values become larger than those obtained with a one-componentprofile fitting. The two-component Gaussian profile consists 
This study
a The mean stellar mass of the galaxies.
b The outflow velocities at z ∼ 2 are re-measured in this study.
References-S17: Sugahara et al. (2017) of the systemic and outflow components; v out is defined as the central velocity of the outflow component. This analysis is identical to that used in Du et al. (2018) . Before the fitting, the composite spectrum is smoothed by a Gaussian kernel so that the spectral resolution become similar to the composite spectrum at z 2 in Sugahara et al. (2017) and Du et al. (2018) . We also analyze the composite spectrum at z ∼ 2 presented in Sugahara et al. (2017) .
The measured velocities are v out = 440 +110 −140 km s −1 at z = 5-6 and v out = 352 +26 −27 km s −1 at z ∼ 2. The bottom panel of Figure 4 shows the redshift evolution of v out . We find that the v out evolution has similar features to the v max evolution: a strong increase from z ∼ 0 to 2 and no increase from z ∼ 2 to 6 within the errors. The latter is consistent with a result of Du et al. (2018) . The v max and v out values at z ∼ 0, 1, 2, and 5-6 are listed in Table 3 .
The open diamonds indicate v out at z ∼ 2, 3, and 4 given by Du et al. (2018) . The v out value at z = 5-6 is comparable to those at z ∼ 3 and 4 within the marginally large error bars. However, the value at z ∼ 2 denoted by the green diamond is not consistent with the one denoted by the open diamond. In addition, the error bars of the open diamonds are generally larger than those of the filled symbols, in spite of the fact that Du et al. (2018) stacked a larger number of galaxy spectra than this study and Sugahara et al. (2017) . These results may be attributed to the uncertainty of the systemic redshifts in Du et al. (2018) , who determine the systemic redshifts from the Lyα emission or interstellar absorption lines. When individual spectra are stacked using the systemic redshifts, the uncertainties of the systemic redshifts broaden absorption lines in the composite spectrum. It is possible that this broad absorption line produces large errors in the best-fit parameters of the two-component fitting that are sensitive to the absorption-line profile. We note that the median stellar masses of the galaxies in Du et al. (2018) are log(M * /M ) = 10.00, 9.87, and 9.72 at z ∼ 2, 3, and 4, respectively, which are less than M * of our galaxies. It is also possible that this small M * (i.e., small v cir ) may lead to the low v out value at z ∼ 2.
DISCUSSION

Comparisons with theoretical models
Recent zoom-in simulations can be used to predict an outflow velocity. Muratov et al. (2015) calculate the fluxweighted velocity of the outflowing gas at 0.25 halo virial radius with the Feedback in Realistic Environments (FIRE) simulation, which computes the thermal and momentum input to the ISM considering the stellar and supernova feedback. The outflow velocity in the FIRE simulation tightly correlates with the halo circular velocity and the correlation does not exhibit the significant evolution over z ∼ 0.5-4.
In Figure 3 we present the tight linear relation between v max and v cir . The solid line in the figure denotes the relation predicted by Muratov et al. (2015) . Their theoretical prediction at z = 0.5-4 is surprisingly in good agreement with our observational results at z = 0-6, although the outflow velocity at z ∼ 0 is ∼ 0.1 dex lower than the theoretical prediction. This agreement theoretically supports our result that v max correlates with v cir . We note that as described in Section 3 our observational technique traces low-ionized elements that are included in warm gas ( 10 4 K). On the other hand, Muratov et al. (2015) do not present measurements of outflowing gas in a given phase; they compute the outflow velocity from outflowing gas with all temperatures. Since the bulk of the outflows in the numerical simulation would not be in a phase of the observed outflows, the agreement perhaps suggests that multi-phase outflows are accelerated following a common v max -v cir relation, irrespective of gas phases.
In Figure 4 the black solid line indicates the redshift evolution of the outflow velocity based on the results given by the FIRE simulation (Muratov et al. 2015) , where we convert v cir to M * using the SHMR of Behroozi et al. (2013) and Equation (1). The evolution based on Muratov et al. (2015) is in good agreement with the v max and v out values in this study and Sugahara et al. (2017) , and also with those in Du et al. (2018) and Jones et al. (2013) , except for one at z ∼ 4.
This good agreement supports a monotonic increase in v max from z = 0 to 6 that is driven by a monotonic increase in v cir . While M h does not significantly change around M * ∼ 10.1 M at z ∼ 0-6 (Behroozi et al. 2013 ), r h is proportional to (1 + z) −1 at a fixed M h (Equation 2). Hence, Equation (1) gives the redshift dependence of the halo circular velocity as v cir ∝ (1 + z) 0.5 . Given that v max has the linear correlation with v cir as shown in Figure 3 , the redshift evolution in v max (Figure 4 ) is explained as reflecting the redshift dependence of v cir . The power-law index of 0.5 reproduces the strong increase in v max from z ∼ 0 to 2 and the slight increase from z ∼ 2 to 6.
Outflow-velocity correlation with SFR and SFR/M *
The outflow maximum velocity tightly correlates with the halo circular velocity, but it also has a strong correlation with SFR. It is worth discussing correlations of v max with galaxy properties over the wide redshift range. Figure 5 plots v max as a function of v cir , SFR, M * , and SFR/M * . First, we calculate the Spearman's rank correlations, r, between v max and the galaxy properties. While M * has no correlation with v max , the other galaxy properties exhibit strong correlations of r = 0.81 (v cir ), 0.78 (SFR), and 0.90 (SFR/M * ) with the > 3σ significance levels. Next, we perform a linear fitting to the data points at all redshifts and at each redshift. The slopes of the lines at z ∼ 1, 2, and 5-6 are fixed at the bestfit slope at z ∼ 0, which is estimated as a free parameter. The best-fit results are illustrated in Figure 5 . The best-fit slopes are positive for v cir , SFR, and SFR/M * . The scatters of data points for v cir and SFR is ∼ 0.1 dex. However, the relation for SFR/M * at z ∼ 0 (blue) have a large offset from that at z ∼ 5-6 (red) and a large angle to z ∼ 0-6 (black), in comparison with the relations for v cir and SFR. Therefore, v cir and SFR are likely to have the tightest single relations with v max from z ∼ 0 to 6. The strong v max -correlations with v cir and SFR imply a strong correlation between v cir and SFR. To understand the SFR-v cir relation independent of redshifts, it is helpful to see the distribution of the star-forming main-sequence galaxies on a SFR-v cir plane. The top panel of Figure 6 illustrates the main sequences at z ∼ 0.5, 1, 2, and 6 that are presented by Speagle et al. (2014) . The galaxies in this work and Sugahara et al. (2017) have similar stellar masses in the range of 10.0 < log(M * /M ) < 11.0. We note that the main sequence at z ∼ 0.5 (blue line) agrees with galaxies at z ∼ 0.1 (blue circles) since Sugahara et al. (2017) construct the z ∼ 0 sample with the highly star-forming galaxies to analyze the Na I D absorption line. By converting M * into v cir Figure 6. Models of the correlations of SFR and SFR/M * with vcir for the star-forming main-sequence galaxies. Top: main sequences at z ∼ 0.5 (blue), 1 (cyan), 2 (green), and 6 (red) that are presented by Speagle et al. (2014) . The open symbols on the solid lines are plotted at the intervals of 0.3 dex of M * for reference. The main sequences are extrapolated to log(M * /M ) < 9.7, indicated by the dotted lines. The filled symbols are the same as in Figure  2 . Bottom Left: SFR versus vcir where vcir is converted from M * in the top panel using the SHMR in Behroozi et al. (2013) . SFR correlates with vcir over z = 0-6. Bottom Right: SFR/M * versus vcir. The data points, which are in a similar M * range, exhibit a positive correlation, but the solid lines demonstrate that the main-sequence galaxies at all redshifts do not exhibit a correlation between SFR/M * and vcir.
with the method in Section 2, we show the main sequences on a SFR-v cir plane in the bottom left panel of Figure 6 . They show similar positive relations at all redshifts, leading to a positive correlation of the main-sequence galaxies, irrespective of redshifts. The data points indeed exhibit a strong positive correlation (r = 0.99) at the 5.8σ significance level. This result naturally explains a correlation between v max and SFR, provided that v cir determines v max as shown in Figure  3 . In addition, we plot the main sequences on a SFR/M * -v cir plane in the bottom right panel of Figure 6 . Contrary to those in the SFR-v cir plane, the main sequences show negative correlations and offsets in the positive direction from low to high redshifts. This demonstrates that the apparent positive correlation of the data points on the SFR/M * -v cir plane are simply because the galaxies have the similar stellar masses. We also check the main sequences on a Σ SFR -v cir plane by assuming that galaxy sizes are proportional to redshifts by (1 + z) −1 (Shibuya et al. 2015) , finding that the main sequences show a large dispersion, similarly to those on the SFR/M * -v cir plane.
The parameters which most strongly correlate with v max are v cir and SFR, suggesting that the fundamental parameter to determine the outflow velocity is v cir or SFR. This result agrees with previous observational studies that present positive correlations of v max with M * (Martin 2005; Rubin et al. 2014; Erb et al. 2012) or SFR (Kornei et al. 2012; Heckman et al. 2015; Heckman & Borthakur 2016) . In many cases, the outflow properties are assumed to be connected with starforming activities in galaxies. However, v cir affects SFR through the halo accretion rate (e.g., Harikane et al. 2017; Tacchella et al. 2018 ) and this process contributes to form the SFR-v cir correlation in Figure 6 . Thus, since v cir represents two important parameters for the outflow velocity, the gravitational potential and the star-forming activity, it is important to consider the possibility that v cir is the fundamental parameter to determine the outflow velocity.
Lyman-continuum leakage
The redshift z = 5-6 is near the end of the cosmic reionization, when the neutral IGM has been ionized. Plausible ionizing sources are young, low-mass galaxies (e.g., Robertson et al. 2015; Ishigaki et al. 2018) , but their contribution is still a matter of debate. A key physical parameter is the escape fraction of the Lyman-continuum (LyC) photons from galaxies (f esc ). It is possible that the outflows help increase f esc by creating holes in the neutral ISM from which the LyC photons can escape. However, direct measurements of f esc are challenging for galaxies at z = 5-6 because the LyC photons almost disappear by ionizing the neutral IGM. In this section, we discuss the f esc value of our galaxies at z = 5-6 with two indirect methods regarding the absorption lines.
In the first method, we calculate the covering fraction of the metal absorption lines. Assuming that the low-ionized elements are associated with the neutral-hydrogen gas, Jones et al. (2013) evaluate the maximum covering fraction (C max f ) of the low-ionized elements from the low-ionized absorption lines as an upper limit of f esc . Since our composite spectrum has the low continuum S/N, we define C max f as C max f = 1 − F SiII , where F SiII is the median flux density of the Si II line from −350 to −100 km s −1 in the normalized spectrum. Its error is calculated with the parametric bootstrap method based on the spectral noise. The measured value is C max f = 0.8 ± 0.2. We note that this C max f value is likely smaller than the value evaluated by the method in Jones et al. (2013) because our C max f value is calculated in the wide velocity range of 250 km s −1 . We additionally measure the Lyα equivalent width (EW Lyα ) of the composite spectrum to be EW Lyα = 6.05 ± 0.45Å, using the emission strength from the stellar continuum at 1216-1221Å. Figure 7 illustrates C max f as a function of EW Lyα . Our measurement at z = 5-6 (red square) is consistent with previous results (Jones et al. 2013; Leethochawalit et al. 2016) and on the linear relation at z ∼ 2-4 presented by Jones et al. (2013, dashed line) . This is the first observational result showing that the linear relation between C max f and EW Lyα holds even at z > 5, provided that the relation is independent of the stellar mass. Using the C max f value corresponding to EW Lyα = 6.05Å on the relation, we obtain an upper limit of f esc to be 0.2. This secure upper limit is too weak to constrain models where bright galaxies contribute to the cosmic reionization (e.g., ∼ 10%; Sharma et al. 2017) . However, Jones et al. (2013) emphasize that the property derived by this method is an upper limit. Following an equation derived by Chisholm et al. (2018) , who propose indirect estimations of f esc using local LyC leaking galaxies, we obtain f esc 0.5 − 0.6C max f = 0.02. Hence, the intrinsic f esc is likely much lower than the upper-limit value.
In the second method, we consider the shape of the absorption-line profile using the outflow velocities. Chisholm et al. (2017) calculate the ratio of the maximum outflow velocity to the central outflow velocity (v 90 /v cen ) of galaxies at z = 0. They find that the LyC leaking galaxies exhibit smaller ratios, v 90 /v cen 5, than galaxies without LyC leakage, although there are several galaxies with v 90 /v cen < 5 but f esc = 0. Here we use |v max /v 0 | for an alternative to v 90 /v cen used in Chisholm et al. (2017) . The ratio for the galaxies at z = 5-6 is obtained to be |v max /v 0 | = 2.0 ± 0.2. This result suggests that the galaxies at z = 5-6 are the LyC leaking galaxies, in contrast to the result of the first method. Further studies on both the LyC photons and the absorption-line properties will provide key quantities to address the challenge of estimating f esc for galaxies at the epoch of reionization.
6. CONCLUSION We study the outflow velocities of star-forming galaxies at z = 5-6 and discuss the redshift evolution of the outflow velocities from z ∼ 0 to 6 by analyzing rest-frame FUV spectra of seven LBGs at z = 5-6 taken by DEIMOS available to date. We construct a high-S/N composite FUV spectrum based on the systemic redshifts determined by ALMA [C II] 158 µm observations (Capak et al. 2015) to fit a line profile to the Si II λ1260, C II λ1335, and Si IV λλ1394, 1403 absorption lines. One of the best-fit parameters v 0 , the central velocity of the line profile, is significantly negative, which implies that the absorption lines are blueshifted by the outflows.
The maximum outflow velocity v max is measured from the best-fit parameters. The v max values for the low-ionized lines (Si II and C II) are comparable to the one for the high-ionized line (Si IV), within the moderately large errors. By a simultaneous fit to the Si II and C II lines, we obtain v max = 810 +140 −160 km s −1 , which is higher than those at z ∼ 0 and comparable to the one at z ∼ 2 presented by Sugahara et al. (2017) . This result represents the redshift evolution of v max that strongly increases from z ∼ 0 to 2 and weakly increases from z ∼ 2 to 6, at the fixed stellar mass of log(M * /M ) ∼ 10.1. We additionally measure the central outflow velocity (v out ) by fitting a two-component Gaussian profile to the C II line, and confirm that the redshift evolution of v out is similar to the v max evolution.
Over z ∼ 0-6, log v max is linearly correlated with the halo circular velocity (log v cir ) that are estimated from the stellar mass. This linear correlation can explain the increasing features of the v max evolution because v cir is proportional to (1 + z) 0.5 for the galaxies with log M * ∼ 10.1 M , at which the halo mass is almost constant over z ∼ 0-6 (Behroozi et al. 2013 ). In addition, the correlation between v max and v cir is in good agreement with a relation predicted by the FIRE simulation (Muratov et al. 2015) , suggesting that the multi-phase outflows are driven by a common v max -v cir relation. The strong correlations of v max with v cir and SFR leads to the SFR-v cir correlation, which is reproduced by the models of the star-forming main sequences at z = 0-6. Considering that v cir has an impact on SFR through the halo accretion rate, it is possible that v cir is the fundamental parameter to determine v max .
Absorption-line profiles are also used for indirect estimations of the escape fraction of the LyC photons (f esc ). We measure the maximum covering fraction of the Si II line and the Lyα equivalent width of the composite spectrum, finding that the measured values at z = 5-6 are consistent with a relation at z ∼ 2-4 found by Jones et al. (2013) . The intrinsic f esc would be much lower than the secure upper limit f esc < 0.2, while the ratio |v max /v 0 | is comparable to the values of the LyC leaking galaxies reported by Chisholm et al. (2017) .
